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Introduction 
The changes in synovial fluid biomarkers after intra-articular injection of hyaluronic acid (IA HA) remain 
controversial. We investigate the changes in the properties of synovial fluid (SF) and clinical symptoms before 
the first and fifth IA HA. 
Methods 
A total of 73 patients (73 knees) with symptomatic knee osteoarthritis were treated with five weekly 
intra-articular injections of HA and 55 patients (55 knees) were analyzed. The SF total volume, viscosity, and 
levels of HA, chondroitin 4-sulfate (C4S), chondroitin 6-sulfate (C6S), keratin sulfate, and interleukin (IL)-6 
were measured before the first and fifth injections. Clinical evaluations were performed using the American 
Knee Society score for physician-based outcome measurements and Knee injury and Osteoarthritis Outcome 
Score for patient-based outcome measurements before the first and fifth injections.  
Results 
The SF viscosity and levels of HA were significantly increased, and the total SF volume and levels of 
chondroitin 4-sulfate, chondroitin 6-sulfate, and interleukin-6 were significantly decreased. The 
physician-based and patient-based outcome scores were improved. 
Discussion 
Our findings speculate that HA injections significantly modulate levels of intra articular biomarkers which may 
indicate beneficial effect for articular cartilage and synovium membrane. 
  
Table. Levels of biomarkers and volume in SF before the first HA injection (week 0) and fifth injection (week 5) 
 week 0 week 5 P value 
HA (mg/ml) 1.48 ± 0.40 1.72 ± 0.36 <0.001 
C6S (nmol/ml) 62.2 ± 30.4 49.6 ± 18.4 0.001 
C4S (nmol/ml) 18.2 ± 6.3 15.9 ± 4.6 0.001 
KS (µg/ml) 6.68 ± 4.25 6.18 ± 3.81 0.172 
IL-6 (pg/ml) 3458 ± 9094 486 ± 1294 0.013 
Viscosity (mPa·S) 48.1 ± 26.7 67.8 ± 35.2 <0.001 
SF (ml) 15.9 ± 12.5 8.2 ± 8.7 <0.001 
SF: synovial fluid. HA: hyaluronic acid. C6S: chondroitin 6-sulfate. C4S: chondroitin 4-sulfate. KS: keratin sulfate. 
IL-6: interleukin-6. 
Data are given as mean ± standard deviation. 
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